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© (57) Abstract: The inventive novel photorefractive material has the following general formula: [Ag } \ ] , [Ag 2 0] „ [P 2 O s ] m 
fO [AI 2 Oj] k [B 2 Oj] i [R 2 0] p [R'O] , [Ln 2 Oj] „ wherein, x = 0.000005-0.01 n = 0.00005-0. 1 m = 0.4-0.75 k = 0-0. 1 1 = 0-0. 1 p = 0- 
© 0.5 s = 0-0.5 t = 0-0.25 R = Li, Na, K, Rb, Cs, R' = Mg, Ca, Sr, Ba, Ln = La, Er, Yb, Nd, Tb, Ce, The inventive intermediate 
Q product for producing said material has the following general formula: [Ag 2 0] „ [P 2 O s ] m [A1 2 0 3 ] k [B20j] | [R 2 0] p [R'O] , 
^ lLn 2 0 3 ] „ wherein n - 0.00005-0. 1 m = 0.4-0.75 k = 0-0. 1 1 = 0-0. 1 p = 0-0.5 s = 0-0.5 t = 0-0.25 R - I ,i, Na, K, Rb, Cs. R' = 
1? Mg, Ca, Sr, Ba, Ln = La, Er, Yb, Nd, Tb, Ce, and the inventive method for producing said novel photorefractive material. 
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(57) PeiJiepaT: npeiUKMWHU KO(*tf toTope*p«itT»i»mi!< unpiu oomaf 

!Ag3 l *]« [Ag,0)„ [P 2 o s ], (AljOjJ, |B 2 0 3 h IRjO], [R'O], [Ln,0i)„- 
rae 

x - 0,000005-0,01 

n » 0,00005-0,1 

m - 0,t-0, 75 

k - 0-0,1 

1 - 0-0,1 

p - 0-0,5 

8 - 0-0,5 

t - 0-0,25 

R - Li, Na, K, Rb, Ca, 
R' » Mg, Ca, Sr, Ba, 
in - La, Er, Vb, Nd, Tb, Ce; 
npoMeayToiHuft npoayxr juix ero nojomeniii oOmefi $opuymi: 

[Ag 2 0]„ [P,0sl. [AliOiU [BiOjIi (RjOI p (R'OI. ILniOiK. 
rae 

n - 0,00005-0,1 

a - 0,4-0,75 

k - 0-0,1 

1 - 0-0,1 

p - 0-0,5 

s - 0-0,5 

t - 0-0,25 

R - Li, Na, K, Rb, Cb. 
R' - Mg, Ca, Sr, Ba, 
Ln - La, Er, Yb, Nd, Tb, Ca; h 
cnocoO nonyHemx noaoro ♦OTopa^paKTKBHoro Maxepviajia. 
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HOBHE (POTOPEOPAKTHBHLIE MATEPHAJIH, ITPOMEKyTOTHHE nPOflYKTH 
flJW HX nOJIYHEHHH H CnOCOB HX nOJiyHEHHfl 

IIpegnOCHJIKM RJIX CQ3HaHMH M306peTeHMfl 

5 M306peTeHMe OTHOCMTCfl K OCuaCTM C03HaHHfl $oto- 

TiyBCTBMTeJIbHHX MaTepMaJIOB, B t JaCTHOCTJl, $oa?ope4>paKTHBHHix 

jia3epHux MaTepnajioB, nojiyqeHHtix b pe3ynbTaTe B03jjeficTBMH 
MOHK3Mpyiomero vi3STytzenvin, KOTopue MoryT HafiTM npuMeHeHwe b 
$OTOHMKe jyiH npoM3BOflCTBa $a30B£ix HM$paKUMOHHtix pemeTOK, B 
10 tom *iMCJie m BpsrroBCKMX, a Taicsee wist 3anMCM rcnorpaMM m 

M3rOTOBJieHMfl paSJIM^HtlX yCTpOMCTB Ha MX OCHOBe, C03«aHMH 
TBepflOTeJIbHblX Jia3epOB C HHTerpMpOBaHHMMK EpsrrOBCKWMH 

pemeTKaMM. M3o6peTeroie HHTerpwpyeT b obhom MaTepwajie KaK 

$OTOpe$paKTMBHHe, T3K VL Jia3epHbie CBOMCTBa. 

15 M3BecTHH $oTope$paKTMBHHe MaTepnajiu Ha OCHOBe ajiDMO- m 

repMaHocmiMKaTHEjix cTeicoji [M. Donay et al., J. Lightwave 
Technology, vol. 15, » 8, Au, 1997, pp. 1329-1342; N.F. 
Borrelly Microoptics technology, Corning Inc., Corning, New 
York, pp. 237-249], KOTopue npw y<t>-oo\Jiy^eHHH M3MeHHioT 

20 noKa3aTej:t npejroMneHMH n Ha BejiM^iMHy An ~10~ 4 -10 -3 . fljrn 
noBHmeHHfl $oTo*fyBCTBWTeJi£>HOCTH jxo BejroraMHH An ~10 2 
Mcnojib3yioT TexHMKy HacumeHMH repMaHocmiwKaTHHX cTeKOJi 
BOflopoflOM npn ^aBjieHMM no 100 aTM m TewonepaType ho 500°C. 
nocjie^HMK MeTOfl TexHOJiorw^ecKM cnoaceH, a (^OTOoyyBCTBJieHHHft 

25 MaTepnaji TepMiraecKM HecTa&nneH m TepneT ^oTO^yBCTBHTeJifeHOCTb 
npw xpaHeHMH. 

B 6ojibmMHCTBe cjiytjaea n3BecTHHe $oTope$paKTMBHHe 
Ma-repwaJiH He cojuep^aT npHMeceii peflKoseMeJitHbix sjieMeHTOB 

(opCMH, MTTepOwH, HeOflWM, npa3eOHHM, TyjTWM M BP-) I 

30 o6ecneyHBaranMx na3epHHe CBoficTBa, mjim coHepacaT hx b 
KOJiw^ecTBe HecKOJibKO BecoB&ix npoueHTOB , ^to floco?aTo t JHo 

TOJIBKO flJIH nOCTpOeHMH BOJIOKOHHHX Jia3epOB M HeHOCTaTO^HO flJIH 

co3«aHMH njiaHapHHX jia3epoB m ycnuiMTeJiefi . 
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M3BecTHO, ^to ncnojib30BaHMe MOHMsnpyKMiefi pannau,KH 
(peHTreHOBCKaa, sjieKTpoHHan jpiTorpa$HH) nosBorweT, b 
npwHHKne, msmshhtb $M3MKo-xMMM^;ecKMe CBoficTBa MaTepnajia, b 
t.h. Kt noKa3aa?ejit npejioMJieHMJi. IIpw stom npocipaHCTBeHHoe 
5 pa3pemeHMe mobyjihiwm noKa3ao?eJifl npeJioMJieHHH cymecTBeHHO 
Bume, ^eM b cJiy^cae y<D-M3JiytieHMH, t.k. njiMHa bojihh 
MOHM3Mpyioinero M3JiyMeHMH Ha HecKOJibico nopHHKOB MeHbme, ^eM 
yo-M3Jtyy:eHMfl . 

M3BecTeH cnocoG noxty^eHwa $oTope$paKTMBHoro creioia 
10 nyreM B03Jj,eKCTBHa raMMa-pajjjwauMw Ha cmjimk a THHe cieicjia [J.E. 
Roman, K.A. Winick Optics Letters, vol. 18, -M 10, May 15, 
1993, pp. 808-810], npH stom nojiytieHo MaKCHMaJibHoe K3MeHeHwe 
noKa3aTex[H npejioMJieHMH 2, 6-1 0~ 5 , hto cymecTBeHHO MeHbme, yeM 
b cxtyyae repMaHo-cMjiMKaTHUx $OTope$paKTMBHHX cTeKOJi, a KpoMe 
15 Toro, 3tm cTeioia He coaepacaT npKMecefi peflK03eMejibHux 
3 jieMeHTOB , T.e. He hbjihjotch Jia3epHHMM cTemiaMM . 

Taicsce M3BecTeH pnn naTeHTOB CIEA MP 5334559, 5982973, 
6160824, 6198870, 6208456, 6246711, 3aHBKK WO 0045477, WO 
0045481, EP 0356746, b KOToptJX onwcaHH jia3epHHe $oc$aTHHe 
20 cTeKJia pa3JiM^HUx cocTasoB. OflHaKO sth cTemia He coEepacaT 
cepeopa w He abjikktch $oTope$paKTMBHHMM. 

CymHQCTb n306peTeHMH 

HacToamMM H3O0peTeHMeM BnepBbie pemeHa 3aflana nojiyqeHna 
$OTope4>paKTMBHoro Jia3epHoro MaTepnajia c bucokhm H3MeHeHweM 
25 noKa3aTejiH npenoMJieHMH no« jjeiicTBHeM woHH3wpyjDm.ero 

M3JiyyeHMH . 

IIocTaBJieHHaH saxta^a pemaeTca co3HaHPieM HOBoro 
CTeKJioo6pa3Horo MaTepnajia Ha ocHOBe $oc$aTOB mejio^Hbix, 
mejio^H03eMeJibHHX, pe«K03eMeJibHbix 3JieMeHTOB n cepeopa, 
30 KOTopufi HBjiHeTCH npoMesyTo^ttibiM ra hcxojj,hhm npoayKTOM huh 
nojiyyenwH $oTpe$paKTMBHoro na3epHoro Maiepwajia c bbicokkm 

3Ha^eHMeM $OTOpe4>paKTHBHOCTJ* nOCJie B03fleiteTBHfl Ha wcxorhhH 

MaTepwaji MOHH3MpyiomHM H3Jiyq:eHMeM onpe#eJieHHHM cnocoOoM. 

2 
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IIpeflMeTOM M3o6peTeHMH HBJiaeTCfl ncxoflHuil mjtm 
npoMeacyTO^HHii npopyKT, KOTopuft npeflCTaBJiaeT coCoii 
HecTexwoMeTpM^ecKoe XMMfcraecKoe coeflHHeHMe, oTHocnmeecfl k 
Kjiaccy $oc$aTHHx cieKOJi m utaeiomee o6myio xHMny e cicyio $opMyjiy: 
5 [Ag 2 0] n [P 2 0 5 ] m [Al 2 0 3 ] fc [B 2 0 3 ]i [R 2 0] p [R'0] s [Ln 2 0 3 ] t , 

n = 0,00005-0,1 
m = 0, 4-0, 75 
k = 0-0,1 
10 1 = 0-0,1 

p = 0-0,5 
s = 0-0,5 
t = 0-0,25 

R = Li, Na, K, Rb, Cs, 
15 R* = Mg, Ca, Sr, Ba, 

Ln = La, Er, Yb, Nd, Tb, Ce. 

B pe3yji£>TaTe B03fleiicTBMH MOHii3npyiomeft pa«Hannw (rawMa, 
peHireHOBCKoe M3JiyyeHMe, sjieKTpoHH, npoTOHti m t.r.) Ha 
wcxonHHM npoflyKT ($oc$aTHoe CTeKjio, aKTMBMpoB aHHO e cepeCpoM) 
20 b HeM npoTSKaBDT cjienyioiHMe nocjiefloBaTejibHHe nocTpaflMartnoHHue 
peaKmm. B mcxobhom HeoSjiyneHHOM cTeicne cepe6po npwcyrcTByeT 
b BKRe KaTMOHa Ag + . KarrwoH cepeOpa Ag + 3axBaTUBaeT BTopiraHHe 
sjieKTpoHH, o6pa30BaBnrnecH npn noHM3aiy>iM TBepaoro Tejia, h 
MeHHeT CBoe 3apflnoBoe cocTOHHwe. 3tot npouecc onucHBaeTca 
25 peaKuwew (1) : 

Ag + + e -> Ag° (1) 
ATOMapHoe cepeOpo Ag° TspMmjecicw HecTaOmibHO w. BcrynaeT 
b peaKiiJoo c KaraoHOM cepe6pa Ag + , o6pa3yH flByaflepHHM 
MOJie KyjinpHHH moh cepeOpa Ag 2 + : 
30 Ag° + Ag + -* Ag 2 + (2) 

IIpoMeJKyTOTJHHfi nponyKT Ag 2 + TaK»:e TepMpraecKH HecTaOmieH 
npn TeMnepaiype Bhsme 300 K w BCTynaeT b cjie#yiomyio peaKitrao: 
Ag 2 + + Ag + -> Ag 3 2+ (3) 
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TpexHflepHbiM ueHTp Ag 3 uepMKqecKM cTaOnneH ro 
TeMnepaiyp 400-450K w MMeHHO oh oTBeTCTBeHeH 3a 
^OTopeojrpaKTHBHHe CBoiiCTBa cepeOpocoHepjKanptfx deKOJi. 

flpyrwM npe«Meo?oM M3o6pe(reHMfl HBJiaeTcsi ^OTopecJpaKTMBHoe 
5 creioio, KOTopoe npejjcTaBjiHeT co6oft HecTexwoMeTpiraecKoe 
xwtMM^ecKoe coeHWHeHwe o6mew ^opMyjin: 

[ Ag 3 2+ ] x [ Ag 2 0 ] n [ P 2 0 5 ] m [ Al 2 0 3 ] k [ B 2 0 3 ] i [ R 2 0 ] p [ R ' 0 ] s [ Ln 2 0 3 ] t , 





X 




0, 000005-0,01 


10 


n 




0,00005-0,1 




m 




0, 4-0, 75 




k 




0-0, 1 




1 




0-0,1 




P 




0-0,5 


15 


s 




0-0,5 




t 




0-0,25 




R 




Li, Na, K, Rb, Cs, 




R' 




= Mg, Ca, Sr, Ba, 



Ln = La, Er, Yb, Nd, Tb, Ce, 

20 M HBJIHeTCH KOHe^HHM npO^yKTOM . 

Eme oflHMM npeBMeTOM H3o6peTeHna aBjifleTCH cnocoO 
nojiyyeHMH $oTope$paKTMBHoro cTeitna, 3aKjmMarsmPicn b tom, mto 
npoMeacyToyHHPi npo«yKT noxjBepraioT B03neMCTBHio MOHM3wpyE3mero 
M3JiyyeHMH, BHOpaHHoro M3 rpynntj: raMMa, peHoreHOBCKoe 
25 M3JiyyeHMe, sjieKTpoHH, npoTOHH bucokmx sHeprwfi npt* ypoBHe 
norJiomeHHOM no3U He MeHee 100 Ip (10000 pan.) . 

B ypoBHe TexHMKM He orotcaHti $oTope$paKTHBHHe cTemia, 
coflepacamwe cepeOpo, Ha ocHOBe $oc$aTnux cTeKOJi. 

M3BecTHHe $oc$aTHHe cTeioia, coflepsKamwe cepeopo, 
30 3anaTeHTOBaHHHe b naTeHTe P<D IP 2045487, npKopwTeT 1987, MIIK 

C03C 3/17, HBJIHKJTCH paflMO$OTOJIK)MMHeCUeHTHHMM M MCnOJIb3yK>TCH 

fljia pemeHMH hhhx 3aaa^, b ^acTHocTH p.nn M3roTOBJieHMH 
cTeicjiaHHbix aeTeKTopoB, npMMeHHeMHX b TBepaoTejibHoft 

fl03MMeTpMM MOHM3Hpyi0mMX M3JiytieHMii . 
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Bejjio oGHapyaceHo, *jto $oc$aTHHe cTexjia, Mcnojib3yeMHe b 
Ka^cecTBe npoMeacyro^Hbix coeflMHeHMii, b HacroHmeM M3o0peTeHMM 
xapaKTepn3yioTCH bhcokoh pacTBopmiocTbio cepecpa w 

peflK03eMeJTbHHX hohob . 

5 B 3tom cjiytjae He HaSjncwaeTCH KOJiJiOMHOo6pa30BaHMH mjim 

KJiaccrepoo6pa30BaHMH kohob peflK03eMejibHHX sjieMeHTOB, tmiutoheix 
fljiH cMjiMKaTHUx cieKOJi npw OojitmoM coflepsaHMM peflK03eMejibHHx 

SJieMSHTOB . 

EtojiyyeHMe $oTope$paKTMBKoro MaTepnajia npw B03«eMCTBHH 
10 MOHM3npyiomei4 paflHaujieii conpoBoamaeTcn nocTpaflHauwoHHHMM 
peaKuw«MM nepexofla mohob Ag + b mohh Ag 3 2+ , KOTopbie 

OTCyTCTByiOT B M3BSGTHOM CHOCOCe nOJiy^eHMH $OTOpe$paKTMBHKX 

CKHMKa thhk MaTepwaJioB, ^jto hb jiKeTCH cymecTBeHHHM oTjn-raweM w 
He orutcaHo b JiMTepaType. 

15 Taicace 6buio o6Hapy»eHo, hto Ag 3 2+ - ueHTpti b hobom 

^OTope$paKTMBHOM MaTepnajie MyBCTBMTeJibHti k y«I>-paflPiau;nH w 
pa3pyraaK)TCH npw BosneftcTBiiH yQ-paflwauiiH, *iTo conpoBoacflaeTCH 
cneKTpajibHbiM oCecuBe^HBaHneM CTeKJia. JfeyyeHHe 3Toro 3$$eKTa 
npoBowjiocb npw bo3Asmctbmm: Ha CTeKjro HMnyjibCHoro N2-Jia3epa 

20 (337 hm) m HenpepHBHoro He-Cd-Jia3epa (320 hm) . npH stom 

3KCn03MUM0HHaH fl03a yO-M3JiytieHMH, KOTOpafl ITOJIHOCTblO 

oOecuBe^HBajra ueHTpu oKpacKH Ag 3 z+ b cjioe CTeicna tojuwhow 100 
mkm, b npoBeneHHbix sKcnepHMeHTax He npeBbnnaJia 1 Kflac/cM 2 . 

Bojiee fljrwHHOBOJiHOBoe w3JiyMeHMe Ar-jia3epa (480 hm) . TaK 
25 ace, K3K h BTopan rapMOHMKa Nd-Jia3epa (532 hm) He npHBOflMJia k 

$OTOOdeCUBeMMBaHMK) UeHTpOB OKpaCKM npH COnOCTaBHMHX 

3KcnepMMeHTajibHbix ycjioBwax . 

KpaTKoe onucaHHe pucyHKOB 
Ha Onr . 1 npeBCTaBJieHa cxeMa sxcnepHMeHTa no 

30 fleMOHCTpaUMM $OTOpe$paKTMBHHX CBOliCTB CTeKOJI. 

Ha <Dmi>.2 npeflCTaBJieHH MHrrep$eporpaMMH o6pa3HOB creKOJi, 
npeHBapMTejibHo oojiyqeHHbix M0HM3npyowiM M3Jiy^eHneM w 
o6ecuBe^eHHHX N 2 -Jia3epoM (337 hm) 

a) PeHireHOBCKoe oOjiy^eHwe, TOJimMHa o6pa3ua d=0,5 mm, 
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k=0,4, KOHueHTpauMH Ag 2 0 - 5, 67 Bee. %, An = 5-10" 4 ; 

b) TaMMa-oSjiyqeHMe, TOJWMHa o6pa3u,a d=4 mm, k=l,9, 
KOHueHTpauMH Ag 2 0 - 1 Bee. %, An = l,6-10 _,i . 

©Mr. 3 BeMOHCTpKpyeT cneKTpbi norjiomeHMH $oc$aTHHX 
5 cTeKOJi, aKTMBMpoBaHHtix cepeOpoM ho (1) m nocrte (2) o6jiy^eHHH 

M0HM3HpyKE{HM M3JXy^eHMeM. 

Ha tor. 4 npexccTaBjieHH a) cneKTpH ce^eHMM B&myaweHHHx 
nepexoBOB, b) cneKTpocKoruraecicMe xapaKTepwcTMKM Yb 3+ b 
MCCJieflQBaHHHx cTeitnax (TaOjiMua 1, CTeKjio 12) . 
10 Ha Owr.5 npeacTaBjieHbi a) cneKTpbi cetieHMM b uhyskh e hhhx 

nepexoflOB, b) cneKTpocKoruraecKMe xapaKTepMCTMKn Er 3+ b 
MccjienoBaHHHx cTeicnax. 

nonpoOHoe onMcaHMe M3o6peTeHM;i 
McxoflHKte Ma t epw a jim b BM^e $oc$araiJX cTeKon, conepstamwx 
15 wohh cepeSpa, nojiytjaioT b cootbstctbhm c o6hpjhom TexHOjiorMeM 
H3roTOBjreHMH CTeKOJI, T.e. nyTeM BbicoKOTeMnepaTypHoro CHHTe3a 
b TurjiHX, M3roTOBJieHHE>ix M3 TyronjiaBKMx MaTepwajioB. 

npMMepEj nojiy^ieHKH KOHKpeTHHX coeflMHeHMii npeflcraBJieHbi 

HM2Ce. Cc-CTaBH TMnHHHHX CTeKOJI (HCXOflHHX npOJiyKTOB) COTJiaCHO 

20 M3o6peTeHMio npMBejo;eHBi b TaOjiMije 1. 

CTeKjia cMHTe3MpoBajincb b KOJiwyecTBe 100-400 r. Ohm 
xapaKTepM3yioTCH hm3kok TeMnepaiypoM BapKM 1200-1250°C, 

BHCOKOM TeXHOJIOrM^HOCTbiO M npOCTOTOM CMH0?e3a. 

CMHTe3 CTeKOJI ocymecTBjiHjicH b TMrjiax M3 njiaBjieHoro 
25 KBapita oO^eMOM 200 cm 3 b jia6opaTopHux sjieKTpwyecKMx ne^ax 
Ce3 npMHyflMTejibHOM aTMOc$epu. B KanecTBe cbipteBtix MaTepMajiOB 
Mcnojib30BajmcB KOMMep^jecKMe peaKTMBbi: AgN0 3 , LiN0 3 , NaN0 3 , 
KN0 3 , MgC0 3 , CaC0 3 , BaC0 3 , H3PO4, La 2 0 3 , Yb z 0 3 , Er 2 0 3 , Nd 2 0 3 , 
Tb 2 0 3 KBajiM^MKaiXMH X 1 ! mjim OCT. 
30 3arpy3Ka ihmxth b TMreJib ocymecTBJiHJiacb npM TeMnepaType 

1150-1200°C, BpeMH BapKM - 30 mmh ajih 100 r CTeKjia m flo 4-x 
yacoB jsjiz 400 v CTeKjia. B pane cjiyyaeB rjix npeflOTBpameroiH 
BoccTaHOBjieHMa cepeSpa m y«ajieHMH OH-rpynn M3 CTeKjia 
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npoM3BOflMJioct. 6ap5oTMpoBaHne pacnjiaBjieHHOM cTeKjroMaccH 

OCymeHHHM KMCJTOpOHOM. 

nocjie ocBeTjieHWH CTeitnoMaccH npoH3BOflMJiacb oTjiMBKa 
pacanaBJieHHoro cTeioia b nporpeTyio rpa$HTOByio $opMy. OTJiHBKa 
5 cieKJia noMemajiacb b MycfrejibHyio ne*ib, rne npoH3BOflMJiCH rpy6biM 
OTmir cTeKjia npn TeMnepaType 380-400°C b Te^eHMe nsyx vacoB 
c nocJieAyionjHM MHepuwoHHbiM oxjiaayjeHweM no KOMHaTHoft 
TeMnepaiypbi. 

OToacKeHHoe cTeKJio pa3pe3ajiocb Ha KycKM, M3 kotophx 
10 M3roTaBjiMBanncb nojiMpoBaHHHe oOpa3UH (0, 2-4) xl5x20 mm 3 jxjih 
cneKTpocKonM , qecKMx M3MepeHMM. 

Bee CTeKJia, b kotophx b Ka^ecTBe peHK03eMeJibHoro OKCMna 
ncnojib30Bajicfl OKCMfl jiaHTaHa, 6ecuBeTHH m xapaKTepn3yioTCfl 
bhcokhm CBeTonponycKaHMeM b mMpoKoft o&nacTM cneKTpa ot 300 
15 ho 2000 hm. 3tot pe3yjibTarr noHTBepsscflaeT oTcyTCTBwe 
KOJiJioMflooCpa30BaHMH cepedpa b MccnenoBaHHHx cTemiax BrinoTb 
HO KOHueHTpauuft 10 % moji. Ag 2 0. 

McxoHHbrii nponyKT (CTeKJia/ aKTMBMpoBaHHbie cepeOpoM) He 

M3MeHHeT CBOKX CneKTpajIbHHX M $M3MKO~XMMMtJeCKMX CBOMCTB npM 
20 B03HeMCTBMM Ha HMX OnTK^eCKMM M3JiyqeHMeM C flJIHHHOM BOJIHH 

Oojiee 337 hm (fljiMHa bojihw N 2 -jia3epa) . flpyrMMH cuoBaMW, ohm 

He HBJIHJOTCH $OTOpe$paKTMBHHMM . 

fljIH npMHaHMH CTeKJiaM $OTOpe$paRTMBHUX CBOHCTB OHM 

o6jxyyajiMCb ohhmm M3 bm«ob MOHM3wpyioinwx MSJiyyeHMM . B KavecTBe 
25 MOHM3Mpys3mero M3Jiyy:eHMfl mo*ho wcnojib30BaTb pa3JiH^HHe bmhh 
M3JiyyeHMM, TaKMe KaK: peHTreHOBCKoe, raMMa, bhcoko- 
OHepreTM'aecKMe sjieKTpoHbi, npoTOHH m t.h. B KavecTBe 
MCToiHMKa peHTreHOBCKoro MSjiyqeHMH Mcnonb30Bajiacb 
peHTreHOBCKan TpyCica c MeflHHM aHTMKaTOflOM, paCoTaioinaH npM 
30 ycKopHiomMx HanpaaceHMHX ho 50 kb h moiuhoctm ho 500 Bt. 
MaKCMMajibHoe BpeMH 3Kcno3MUMM npM paccTOHHMM ot o6pa3H.a ho 
aHTMKaTona 2 cm He npeBbmrajio 1 vac. 

06jryyeHMe raMMa— KBaHTaMW npoBOflM.nocb c noMoqbBD 
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paflMoaKTMBHoro MCTo^HMKa 60 Co npw moikhoctm ho3h 100 pan/c M 
b Bwana30He R03 10 s -10 8 pa«. 

M3MeHeHMe noKa3aa?ejifl npejioMneHHK creKOJi An KaK nocjie 
oojiyqeHwa M0HM3npyor(eM pajmauwew, TaK n noane nocneflyromero 
5 oOecuBeMMBaHHfl HaBejueHHHX pa^aiy-iew nenrpoB oKpacKH c 
noMombio ytj jia3epHoro H3JiyjeHHH, M3MepHnocb iiphmmm m 

KOCBeHHHM MeTOflaMM . 

B npHMOM MeTone c noMomtio HHTep$epoMeTpa 0»a6pw-nepo 
M3Mepajiacb onTmecKaH pa3HOCTB xofla Meayay jiyaaMM vesmvi- 
10 HeoHOBoro Jia3epa, npomefliiiMMM *iepe3 oCnacTH CTeKjia, 
noflBeprHyTHe h He noflBeprHyTtie B03fleiicTBMio KaK MOHM3Mpyiom;eM, 
TaK m yo-paflMamw . Be.rora<fHa An onpeflennjiacb Ha ocHOBaHwn 

COOTHOmeHHH 

An * d = k * X 

15 rjje d - TOJmnHa cjioh CTeKjia, OKpameHHoro MOHM3MpyioimiM 

MSJiyyeHMeM, k - BejiwrawHa cfiBMra WHTep$epeHUHOHHbix nojioc, 
A,=633 hm - fljiMHa bojihh rejinft-HeoHOBoro Jia3epa. CxeMa 
SKcnepHMeHTa no fleMOHCTpanww $OTope$paKTMBHHx cbo#ctb CTeKOJi 
npwBefleHa Ha Our . 1 . Ha <Dwr . 2 npwBeneHKt rrpMMepLi 

20 MHTep$eporpaMM. 

KocBeHHbiw noJiy3MnMpi«ecKMi4 MeTOH ocHOBHBaJica Ha 
«3MepeHMM An CTeKjia Ha ocHOBaHMM H3MepeHMH Bejiw^HHH 
M3MeHeHMH K03$$nmieHTa onTwyecKoro norjiomeHHH Ak (cm -1 ) 
CTeKJia b pe3yjitTaTe B03flewcTBMH MOHM3wpyiomeM paroiaiweM m y<D- 

25 H3JiyqeHHeM. QH3nyecKoft ochobo# 3Toro Meioaa HBJiaeTCH 
cooTHomeHwe KpaMepca-Kporotra, cBH3HBaioniee An m Ak (cm -1 ) 

30 r«e h - nocTOHHHaa EnaHKa, 

C - CKOpOCTB CBeTa, 

E - SHeprwa cBerroBoro KBaHTa. 

Ha $wr.3 npuBeaeH npraaep HaBefleHHoro c noMoiUbio 
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peHireHOBCKoro M3JiyqeHM« norjiomeHHH ueHTpoB Ag 3 2+ b cTeKJie 

TOJTOIHHOH 0, 5 MM. 

npwBefleHHHe Ha OMr. 3 cneKTpu HaBeneHHoro norjiomeHMH, 
oBycjioBJieHHue Ag 3 2+ H.eHTpaMK, Ha6jnoflajiMC& bjih Bcex CTeKOJi, 
5 npMBeneHHHx b TaSjinue 1. 3to SBjmeTCfl noETBepayjeHweM 
o6pa30BaHMH KOHey:Horo $OTope$paKTMBHoro npojiyKTa. 

flajiee cjienyiOT npMMepu peajm3aiJ,wM M3o6peTeHKa, KOToptie 
He orpaHMtjMBaioT M3o6peTeHMe m cjiyacaT hjih MjiJBocTpauKM 

M305peTeHMH. 

10 IIpuMepu peajD43agKK npejjjiaraeMoro M3o6peTeHMfl 

MeTOflMKM noJiy^eHMH mcxohhhx c o e jj,hh e hum m 

COOTBeTCTByiOmMX $OTOpe$paKTMBHHX CTeKOJi Ha MX OCHOBe 

HBjiHeTCflt oSmew nsin Bcex coeflWHeHMM h&Sswuh 1. Pa3Hima 
coctokt b McxoflHux KOJiM^ecTBax KOMnoHeHTOB fljifl nojiyyeHHH 

15 HCXOfiHHX COeflMHeHMM, KOTOpEle COOTBeTCTByOT TaOjIMUe 1. 

Husce npHBeflea npMMep nojiyyeHKH $oTope$paKTMBHoro cTeKJia 
Ha OCHOBe McxoflHoro coeflMHeHMH N' 6 (Tadjuma 1) . 

fljiH nojry^eHMfl McxoflHoro npojtyxTa b KOJnraecrBe 100 v 
McnojibsoBajiact mwxTa Ha ocHOBe KOMMep^ecKwx XMMifyecKHX 

20 peaKTHBOB: 57,5 mji H 3 P0 4 ; 31,3 r NaN0 3 ; 3,7 r CaC0 3 / 18,0 r 
La 2 0 3 ; 12,5 r AgN0 3 . C y^eTOM iiehxthhx MHOiKHTejiew, y^HTUBaortHX 
coflepxaHwe ochobhoto KOMnoHeHTa, sto cooTBeTCTByeT 
cMHTeTKraecKOMy cocTaBy CTeKJia b BecoBHX npoueHTax (Bee. %) : 
60,0 P 2 0 5 ; 11,4 Na 2 0; 2,1 CaO; 18,0 La 2 0 3 ; 8,5 Ag 2 0. 

25 fljifl BapKM CTeKJia McnoJitsoBajiMCb TMrjiM ns njiaBjieHoro 

KBapna oOteMOM 200 mji. 3arpy3Ka nmxTH b Twrejib 
ocymecTBjiHjiacb nopuwHMM npn TeMnepaType 1250°C b Te^eHHe 1 
^aca. 

nocjie ocBeTjieHMH cTeKjioMacc&r npn TeMnepaType 1300°C b 
30 Te-qeroie oxmoro -yaca npoM3BOJj,MjracB oTjrwBKa pacnjiaBJieHHoro 
CTeKJia b nporpeTyio rpa^MTOByo $opMy. 

OTjiMBKa CTeKJia noMemajiacb b sjieKTpiraecKyio My$eJitHyio 
ne^jb, r«e npoBomuicH OTacur CTeKJia npw TeMnepaType 400°C. 
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OToacKeHHoe cTeKJio pa3pe3ajiocb Ha KycrcH, H3 kotophx 
M3roTaBjiMBajrncb no JiMpo b aHHBte oopa3uw 1x15x20 mm 3 . 

flJiH nojiy^eHMH $oTope$paKTMBHoro CTeioia o6pa3UH M3 
wcxoflHoro npo^yKTa oojiy^iajiMCb peHTreHOBCKHM M3JiyaeHweM c 
5 sHeprnei* 40 ksB Ha peHTreHOBCKoii TpyOice c MeBHHM aHTHKaioflOM 
npw 15 mA. PaccTOHHwe o6pa3ua ot aHTmcaToua cocTaBJumo 1 cm. 
TMiBWHoe BpeMH o6jiyyeHMH - 1 *iac. 

B pe3yjit.TaTe nojiy^ajiocb $oTope$paKTMBHoe creKJio c 
xapaKTepHow paawaiwoHHO-JiHflyuHpoBaHHoii oicpacKoii. CneKip 
10 HaBe«eHHoro norjiomeHMH npwBeneH Ha Our. 3. 

AHajio r m^ihhm nyTeM mosmo nojiyqwrb Bee ocTajibHbie 
$OTope$paKTMBHHe CTeKJia, aKTMBMpoB aHHKte cepeSpoM. 

Pe3yjibTaTti McnuraHMM paaa $oTope$paKTMBHUx creKOJi 
npKBefleHU b TaojiMue 2. 
15 CTeKJia no M3o6peTeHraD oC-JiaflaiOT He tojilko $oto- 

pe$paKTMBHUMM cBoficTBaMw, ho m coBOKynHocTbK cneKipajibHO- 
JTOMHHecueHTHbix cbomctb, HeoSxoHMMHX djih Jia3epHoro 3$$eKTa . 

Kwace npMBo jjhtch npHMepH cneKTpocKoromecKHx cbomctb 

$OTOpe$paKTMBHbIX $OC$aTHHX CTeKOJI, aKTHBMpO B aHHblX Yb 3+ HJIH 

20 Yb 3+ m Er 3+ oflHOBpeMeHHo . 

CTeKJia, aKTMBwpoBaHHHe Yb 3+ , MHTeHCMBHo HccjieflyioTCH b 

nocjie^HMe ro«H ksk nepcneKTMBHan Jia3epHan cpefla rjik. 

nojiytjeHMH reHepanwK b cneKTpaiibHOM flwana30He 1025-1065 hm 

npw HaKa^Ke M3JiyyseHweM nojiynpoBOflHHKOBbix jia3epoB [R. Koch et 
25 al. Optics Communication, 134 (1957), 175-178; David L. 

Veasey J. of Non-Crystaline solids, 263-264, (2000), pp. 

369-381] . 

IloTeHHMaJibHHe bo3mojkhoctw 3Toro MaTepwajia KaK jia3epHoii 
cpejjH onMCHBaKDTCH cjieayzximMM cneKTpocKororaecKMMW 
30 xapaKTepMCTMKaMM: 

ce^eHMe norjiomeHwa - a a (A.) , 

cetieHwe wcnycKaHHa - a e (A,) , 

BpeMH »M3HH B036y5K£eHHOr-0 COCTOHHMH - X, 
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paflMaitMOHHOe BpeMfl 2KM3HH - x cad , 
KBaHTOBHft BHXOfl JBOMMHeCIJ;eHmiM, 
KOHUeHTpaUMH aKTMBaTOpa - MTTepOMK. 

yKasaHHHe xapaKTepwcTMKM npuBeneHH Ha *nr.4. 

5 AnaJioriraHHe cneKTpocKonnyecKMe xapaRTepMCTHKM Shjim 

onpeflejieHH naim rjih flByaKTMBMpoBaHHux Yb/Er-cTeKOJi. 3tm 
CTeitna McnojibsyjoTCK k^k aKTMBHafl cpe«a hjih Jia3epoB m 
onTMtjecKMx ycMJiMTejieM, pa6oTa©mwx b cneKTpajiEHoii o6jiacTH 
1525-1565 hm. B stom cjiy^ae, Hapnjiy c yKa3aHHHMM BHme 

0 xapaKTepMCTMKaMU aKTKBaTopoB, Heo6xoflMMO yywTUBaTb w 
flonojiHKTejibHHe, a HMeHHo, KBaHTOBUM Btccofl 5e3M3Jiy^aTejibHoro 
nepeHoca sHeprrat ot BOHopa - MTTep5MH r aiojenTopy - 3p6HK>, a 
TaKace $eHOMeHOJioriraecKKH Kos^wmieHT C up , xapaKTepw3yioimiw 
noTepn 3HeprMM B036yxcflSHKH b pe3yjitTaTe KoonepaTMBHtcc 

5 npoueccoB . 3tm jtaHHtie npMBefleHH Ha <J>wr . 5 . 

ConocTaBjreHMe cneKTpocKororaecKMX xapaKTepwcTMK CTeKOJi 
corJiacHo H3o6peTeHH]o, aKTHBHpoBaHHHx Yb 3+ mxsm Yb 3+ /Er 3+ , c 
MSBecTHHMM cTeKJiaMM [David L. Veasey J. of Non-Crystaline 
solids, 263-264, (2000), pp. 369-381; R. Franeini et al. 

0 Optical Material, 13 (2000), 417-425] no3BOJiaeT cnenaTb 
BKiBOfl, ^to pa3paooTaHHHe CTemia no cbomm xapaKTepwcT^KaM He 
ycTynaKT jiyaniMM jia3epHHM co-eKJiaM n oCjiaHaKra, k TOMy ace, 

$OTOpe$paKTMBHHMH CBoilCTBaMM. 
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OOPMYJIA M30BPETEHHH 

1 . HoBHKt iJioTope^paKTMBHiofi MaTepwaJi oOmeft XKMPraecKoii 
$opMyjiu: 

5 [Ag 3 2+ ] x [Ag 2 0] n [P 2 0 5 ] m [Al 2 0 3 ] k [B 2 0 3 h [R 2 0] p [R'O], [Ln 2 0 3 ]t, 



vae 




x = 


0, 000005-0,01 


n = 


0, 00005-0, 1 


m = 


0,4-0,75 


k - 


0-0, 1 


1 « 


0-0, 1 


P - 


0-0, 5 


s = 


0-0, 5 


t - 


0-0,25 


R = 


Li, Na, K, Rb, Cs, 


R' - Mg, Ca, Sr, Ba, 



Ln = La, Er, Yb, Nd, Tb, Ce. 

2. iIpoMeacyTO'yHHfi npoayKT juih noJiyjeHHH MaTepnajia no n.l, 
oSmeft xKMMqecKow ifcopMynu: 

20 [Ag 2 0] n [P 2 0 5 ] m [Al 2 0 3 ] k [B 2 0 3 h [R 2 0] p [R'0] e [Ln 2 0 3 3 t , 

r«e 

n - 0,00005-0,1 
m = 0, 4-0, 75 
k = 0-0,1 
25 1 = 0-0,1 

p = 0-0,5 
s = 0-0,5 
t = 0-0,25 

R = Li, Na, K, Rb, Cs, 
30 R* = Mg, Ca, Sr, Ba, 

Ln ~ La, Er, Yb, Nd, Tb, Ce 

3. CnocoC nojiyqeHMH MaTepHaJia no n.l, 3aKJiiraaiDiiiH#CH b 
tom, huo npoMeacyTO^HHic: nponyKT no n.2 noflBepra&T B03fle^CTBME) 
KiOHM3Kipyiomero H3Jiy t ieHK.>i, BuOpaHHoro H3 rpynnn: raMMa, 
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peHTreHOBCKoe nsjiyneiwe, sjieicrpoHH, npoTOHH bhcokmx sHeprnti 

npn ypoBHe norjiomeHHon «03H He MeHee 100 Ip (10000 pan) . 
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a) 
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g 
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1,0 
0,8 
0,6 
0,4 

0,2 



0,0 
850 





1 ■ r 

<r = 1.1*10"*° cm* 

n te = 1.16*10' Jo cm 1 - 
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b) cr a = 1.1 *l0' a cm z , a e = 1 . 16* 10' 20 cm 2 ; 



..i*10' 20 cm 2 ,a e = 

T = 1 .5* 1 0" J S, Trad = 1 .8* 1 0 _3 S, KBUHTOBIjft BMXOfl > 0.8, 

KOHueinpamoi Yb20j - no 20% Bee. 
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b) <r a - 6.9*10' 21 cm 2 , o e = 6^*10 21 cm 2 ; 

t rad = 9.0 msec, t = 6.9 msec; 

KBHHTOBblH BblXOA JIIOMHHeCqeHUHH 3p6llfl - 0,8; 

KBflHTOBbiM Bbixo^ 6e3b»JiyHaTejibHoro nepeHoca 3Heprmi ot 

nrrepSHH k apGmo > 0.9; 
KOHueHTpauuH Yb 2 0 3 - 18%Bec, Er 2 0 3 - 2%Bec. 
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